Abstract-The purpose of this research is to optimal design and control of heliostat for solar power generation in real time. Tracking the sun and calculating the position of the sun are possible by using illuminance sensor (CdS) and Simulink program. As heat transfer from heliostat to receiver is delivered by solar radiation, configuration factor commonly utilized in radiation is applied to control heliostat. Algorithms for maximizing configuration factor between sun, heliostat and receiver in real time are programmed by Simulink. By applying the optimized algorithms, the efficiency of the solar absorption in receiver can be maximized. Simulation was performed how to control azimuthal and elevation angles during the daytime with respect to diverse distances.
I. INTRODUCTION
After the nuclear accident in Japan, renewable energy is attracting attention nowadays. Among them, tower type solar thermal power system (STPS) has the high potential to replace conventional plant. STPS consists of hundreds of heliostats, receiver, storage and power cycle. Hundreds of heliostats reflect solar radiation to one receiver. Receiver temperature rises up to 500~1000 o C. This generates high temperature steam or air which operates steam or gas turbine power generator. As the solar radiation from heliostat to receiver is depended on the angle and location of the heliostat, the algorithm of controlling the heliostat in real time is the most important factor to influence system efficiency and performance. [1] [2] [3] [4] Therefore, this study was conducted to design and control of heliostat using a solar tracking device and a configuration factor commonly used in radiation heat transfer applications.
II. FUNDAMENTAL OPERATION OF SYSTEM

A. Configuration Factor
The configuration factor commonly used in radiant heat Manuscript transfer is changed by distance or angle between two surfaces. Consider two surfaces, 1 and 2, of an enclosure. Radiation from A 1 to A 2 can be described by Eq. 1. B 1 A 1 is the total energy leaving the surface A 1 as a constant and F 1→2 indicates its fraction arriving at A 2 . So, radiation flux reaching the surface A 2 is maximized when F 1→2 is maximal. Eq. 2 is the definition of the configuration factor. Fig. 1(a) represents the fraction of total energy leaving surface 1 that is intercepted by surface 2. and Nazar T. Ali considered in Eq. 3. Fig. 1(b) is a schematic diagram of two configuration factors. There are two assumptions. Firstly, θ 1 is zero because of the large scale of sun. Secondly, the incident angle of radiation on receiver surface θ 3 is predetermined by the position of the heliostat. Thus, the purpose of this research is to calculate each θ 2 for each heliostat depending on the movement of the sun. Fig. 1 (b) also shows the azimuthal and elevation angles for the sun and heliostat. Using this schematic, the equations below can be induced. According to Fig. 1(b) , S indicates unit vector directed from heliostat center to sun in equation 4, while H means normal unit vector from heliostat surface as in equation 5. Finally, R represents unit vector directed from heliostat to receiver in equation 6. Equations 4, 5 and 6 can be derived by using polar coordinates as follows. [5] (4)
B. Calculation of Azimuthal and Elevation Angles for the Heliostat
represents the dot product between the unit vector directed from the heliostat center to the receiver and the unit vector directed from the heliostat center to the sun. Using the dot product, the reflection angle on the heliostat θ 2 can be derived with Eq. 8. These equations were programmed in Simulink, and a simulation was conducted during the daytime with respect to diverse distances. Fig. 2(a) shows overview of the control algorithm. Two solar sensors for azimuthal angle and two solar sensors for elevation angle are used to set the sun position. A Simulink program calculates the elevation and azimuthal angles of the sun using signals received from these four solar sensors. After determining the location of the sun, the Simulink program calculates θ 2 using equation 8 to determine the optimal configuration factor. The optimal angle of θ 2 is then used to control the elevation and azimuthal angles of the heliostat using its two motors (one for elevation angle and the other for azimuthal angle). This optimized control algorithm enhances system efficiency. Fig. 2(b) shows a configuration of the solar tracking device, which consists of a controller, two stepping motors, and four CdS sensors. The controller uses Simulink to calculate the sun position and operate the stepping motors. Stepping motors are commonly used in precision positioning control applications. The stepping motor used in the prototype has S = cos sin cos cos sin . 
C. Overall Control System
D. Solar tracking Device
cos(2 ) = R S = = cos sin cos cos sin . 
E. Several Simulink Algorithm
When CdS sensors located on the east side and west side detect voltage values, the average voltage of the two CdS sensors is calculated. This average value is set to a threshold value. If the voltage on the east side is lower than the threshold of the average azimuthal voltage and higher than a cloudy threshold, the condition causes the true value. If this condition is not satisfied, it generates a false value. The sensor value of the west side is calculated in the same way by a conditional statement. Also, solar tracking is stopped when the average threshold calculations per second (east-west, north-south) is lower than the cloudy threshold criterion. If the control signal for forward and reverse rotation is entered into the motor at the same time, the motor causes the step out. Thus, one of the signals should be sent to the motor. The control algorithm for clockwise and counterclockwise movement is the same as above for the elevation angle.
The procedure for calculating the azimuthal or elevation angle is as follows. Firstly, the number of pulses is calculated when the motor operates clockwise. Secondly, the clockwise angle is computed by multiplying the per pulse angle of the moving motor. Thirdly, the clockwise rotation angle is calculated by subtracting the counterclockwise angle. Finally, the azimuthal angle can be obtained by adding the initial azimuthal angle. The calculation algorithm for the elevation angle is the same as above.
III. RESULTS AND DISCUSSION
This experimental azimuthal and elevation angle at the Korea Advanced Institute of Science and Technology (KAIST) was compared with the actual value, obtained from Korea Astronomy and Space Science Institute (KASSI). The maximum error was within 1° between 8:00 am and 5:00 pm. According to these results, the algorithm used for the solar tracking device is correct.
A. Experimental Verification of the Heliostat
Experimental verification was carried out from 10 a.m. to 5 p.m. Solar tracking device and heliostat was operated by a programmed algorithm from east to west as shown in Fig. 3 . Fig. 4 shows the elevation and azimuthal angles of the heliostat versus solar time. Position vectors of the receiver and heliostat are (0, 0, 100) and (0, 25, 1), (0, 50, 1), (0, 100, 1), respectively in unit of m. In the z-coordinate, '1' indicates the height of heliostat. The reflection angle of θ 2 is calculated using azimuthal and elevation angles of the sun obtained from the solar tracking device. Then, the reflection angle of θ 2 is used to calculate the angles of the heliostat in Eq. 13 and 14. The need to control the elevation angle becomes smaller as the distance between the receiver and heliostat increases. But, azimuthal angle of the heliostat is same regardless of distance at the meridian transit altitude. And the difference in elevation angle between the maximum and minimum is not larger than that in azimuthal angle. 
B. Control of the Heliostat
IV. CONCLUSIONS
An optimized design and control of heliostat was conducted using a solar tracking device and a configuration factor commonly used in radiation heat transfer applications. Comparison of the experimental results with KASSI mathematical data for sun position confirmed that the algorithm used for the solar tracking device was correct. A simulation for controlling elevation and azimuthal angle of the heliostat was conducted during the day with respect to differing distances. Dissimilar distances from the receiver to the heliostat show interesting results. As this distance gets larger, elevation angle gets smaller. Furthermore, azimuthal angle is the same at the meridian transit altitude regardless of the distance. Finally, design and applied control algorithms of heliostat were validated
